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Abstract
Contract Fo. Da28 043 AMC 02135 (E)

> The principsl physical condition causing constructional difficultiss
in both the 1-3/4 X 3-1/4 inch and 1-1/8 X 1-1/8 inch cell eize batteries
vas the evolution of ges during storags and discharge. A revision in
seal construction and moisture barrier size reduced the failure rate,
particularly on the 1-1/8 X 1-1/8 inch cell size.

A protective costing to prevent corrosion of the non-reactive side
of the unodefﬁ necegeary to prevent corrusion of the electrical contact
area of the anode.

A magnesium wafer batiery cannot be contained within a specified
dimension dus to expansion of discharge products. Provision must be
allowed for this expension in battery design. Special measures to contain
the exyansion reduces the capacity of the battery.

It shouid be possible tc build a 1-l/8 X 1-1/8 inch cell size hattery
with a 90% survival rate when stored cue month st 160°F.

The Impsdance-Fhase Angle meagurements, particularly phas® angle,
on complete wvafer ba:-+ries ie a potentially useful method of determining

the candition of a battery in a nom-destructive manner.

J L 4
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Publications, Lectures, Reports and Conferences

Publications: None

»

Reports: None

Lectures: None

Conferences:

1. 1k March 1968, outlined progress to date and discuesed
contrect completion requirements. Held at ECOM, Fort Monmouth,
New Jersey. Attended by Donald B. Wood of the U. §. Army

Electronice Command apd Howard J. Strauss and Lloyd W. Eaton

of Burgess.




Cell end Battery Construction

The objectives mroposed in the Semi-Arnual Report ECOM 02135-5
‘ were as follows:

1. Verify the theory that the contact ares protection fram moisture
reauires complete protection of the non-active side cf megnesium anodes

2. Datermire the mo3t effective material for providing the corrosion
protectian of the non-reactive side of the magna2s.un anode,

3. Verify the supposad destructive effect of perchlorate m rubber
hydrochloride ceil wrap.

ik, Qualify P22000.21 (Dow) film es a cell wrap material for perchlorate
mix cells.

5. Qualify polyethylene coated pupar as a cell wrap ma'2rial for
perchlorate mix cells.

6. Test seamed cans for the 1-1/8" X 1-1/8" size batteries, as full
F, sectims of the Buu270/U, far containment of the cell expansicn.

7. Devise a wax proof gas isak aevice, i.e. cae that does not plug
vith wax duving potting, for 1-1/8" X 1-1/8" pize battery to ralieve thne
hvdroger 28, produced on discharge, that is contained by the sealing in
a fresh battery.

8. Test methods of redistrivuting expansion forces in the Ba-u386/PRC-25
flat cell battery employing a cell measuring 1-3/L" X 3-1/k" to ellow
contsinment of the battery within the Jesign Jimits.

9. Assuming perchlorate battery .21) wrep problems are overcome and
a8 surviviag battery oo - made, determinue the delay characteristics of

voltage build-up.




e

10. ™Mest batteries stared at 1k5°%.

Moisture Protection o Contact Area
It wae found that if ~ny bare metal exists on the nun-active gide
relative to the cell of the magnesium anode corrosiom will siart at this
bare section and proceed under all proteciive meterials surrounding the
contact area, producing variable corrosion ~f the contact area and this
in twrn results in slight resistance increase t¢ an effectively cpen
eircuit.
The following .aatecials and methods were tried to protect the contact
ares:
i. H. B. Fuller Co. HM 113R hot melt adhesive smeared over entire
non-active side of anode except 1/k inch diesmeter ~uwntact areas.
2. Ne:ionsl Starch 34-3104% hot melt adhesive apglied in the same
winner.
3. Ccast-to-Coast Spcay Paint of the following code numbers without

& primer coat.

a. GFO-20k-8
b, GP-207
c. GP-21h
d. 9206
e. GP-205

L. Primer swray paint w? iith GF-205 and GRO-22L-8 spray pmints
a. Coust -to-"omst (GP-23k%
b. Cmese-to-Cagst SP-230

¢, Teapo Products Co. No. B-2000 shray priser
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The materials were tested by making comjplete battery units, storing

for one aonth at 160°F., discberging, and exsmination. The relative

results of these anods protective coatings woild be:

1. H. B, Fuller Co. HMII3R hot melt -- poor

2. Natiwmel 8tarch 34-310% hot melt -- good, if applied carefully

3. Cosst-to-Ccast spray peint
a. GFO-224-8
b, GP-207
c. GP-21k
a. GP-206
8. G205

goout

fair, minus
poor

feir, plus

good

4, Primar spray isint with GP-205 and GP0O-224-8 spray peinte

a. Cosst-to-Coast GP-234
b. Cosst-to-Cosst GP-230
¢. Tempo Products Co. No. 3-2000
The effactivecegs of the peint coating is sffected by the picklirg
jrocess saployed @ tha megnesiua and further vork is necded o obta': @
uniformly effective conting that is sasy %0 epply. The nature of the

pessnt in the pint slso affects the abdilicy of the ccating to survive

as 8 prolective costing.

The percentage of pigwent in the Iaint a2 the parcentiie cumposition

very poor
good

fair, minus

of the plgmont of the varicus pmints emplayed ars as follows:
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GPO-224-8
Pigment per centage in peint 3.77%
Titanium Diaxide .1 ¢
Chrome Yellow LB.9 %
Yellow Iran Oxide 9.9 %
Brown Iron Oxide 0.7 4%
Red Iron Oxide 0.4 %
GP-207
Pigment per centage in peint 1.7
Titanium Diaxide 32.5 %
Iron Rlue 67.5 %
GP-21k
Pigment per centage in peint 1.Lo%
Taluidine Red 100. ¢
fP-200
Pigment per centage in peint 3.029
C. P. Chrase Yellow FUSE 4
C. P. Chrame Yellow Med. 9.1 %
T.tanium Dioxide 6.4 ¢
5P-2)5
Pigment per centage in peint 2.10%
Chr..se Yellow Lemon L6.n g

Chrome Green Yea. sk, %

it

st
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The Toluidine Red (GP-214) was »ltered chemically in the cell

during 160°F. storage and corrosion ves gonerslized.

The Iron Blue (GF-207) would b2 altered chemically but the effect
vould be variabl. from total failure to isclated spots oan a few cells.
3 Tt2 ™Mrment in GP-206 wes not altersd chemically but the coating

tended 4o be porous and would "1ift" from the znode end allow corrosion

in variable degrees.
Etrfect of Perchlorate on Rubber Hydrochloride Film

BA-4386 units were made using SN perchlorate wetter in the cathode
mix and rubber hydrochloride c2ll wrap. Units were stored one month at
160°F. end one and three months at 130°F. Careful dismentling of the
units vas performed asnd the individusi cells examined under a microscope
at 16X. Smell noles were found just _nside tha heat sealed areas of the
l30°1'. samples. 7The holes .r2 found 0 have jolned to fam e slit-like
opeming in the 160%. samples that, could nlmost be seen with the unaided
ey2. The e openings allowed electrolyte to escape, causing massive
destruction within the battery. Apparently the heat of sealing pertially
dograded the adjacent rubber hydrochloride film sc that the perchiorate
could attack the ares. The unheated perts of the -ell wrap apparently

vare not affected by the perchlorate to a detectable degree.
Qualification of P22000.21 (Dow) Film

This material has *~en found to be {nert to the effect of perchlcrate

but suffers mechanical difficulties in obtaining an effective heat seal,
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Reat sealing produced false seals and hidden extrusion-like holes that

vere very difficult to find even unier 16X cbservation. Becsuse of this
characteristic the meterial, by itself, is unsstiefactory, tut modification
as &8 laminate with ~ther fi{lm meterials holds promise. A number of battery

units were made and sre discussed in other sections of this report.
Qualification of Polyathylene Coated Paper

This mater‘sl is not precticel in the cell assembly employed. The
heat of sealing damages the cantinuity of the polyethylene film in the
areas sdjacent to the seal. The other non-heat affacted aress survive
one month st 160°F. in excellent condition, Tbe leakage allowed by thia

heat seal damage causee massive destruction within the battery.
feamed Cans for 1-1/8 X 1-1/8 Inch Cell Size Batteries

The rolled seam, shown as Fig. i in appendix ané used on both
1-1/8 X 1-1/8 and 1-3/8 X 3-1/b4 inch cell size cens, would hold approx-
imetely 50% of the time on 1-i/8 X 1-1/8 cell size batteries. It cannot
be relied upon to cantain the batteries within the can due to the ex-
pansive pressure of the discharge products. The seamed cans were also

edge welded to insure containment on most upits.
Ces Leak Device

It vas found that the ges produced on discherge is not escaping the

individusl cells as thought and being trapped in the wax coated battery

%t

o
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can but is actuslly beirg hela within the individusl calls with the can

restreining the balloned cell wrep. To be affective, dach celi would

raquire . gas leak device. It was found that es long as the aischarge
; rate d:d not exceed 0.028 amp/sq. inch, oo a cantinuous vasis, tae
alectricel contact betwoen cells could be maintained by adjusting the

tcegree of caapression.

Containment of Ba-4386 Battery

1t wvas found to be impogaible to contain a unit within the apscified
design limits. The most successful method found in restricting the expsnaion
vas to weld 1/4 X 1/8 inch steel bars ecross the ends of the battery canm,
two bars per end equally spaced. Beven units were msmde in tuls manner.
Three suffered some heat damege due tc the welding end shorted. The
rasultant gas presgsure caused the can seam to yield and the cell wrap
axploded. Three, on discharge, ruptured the welds or tare the metal of
the can. Only wae was totally restricted. The cepacitiee of the restricted
units is noticesbly less than the equiveient vnit in which the mly
swstriction ie the can cover itself. It would appear that to coperaste
properly magnesium flat cell batteries must be allowed a degree of restrained
expansim. Too much exjmnaian room, i.e. addition of fibrous material
or bslss wood, or too littie per above experiment reduces the capecity.
A possible explanstion is the physicel nature of the dischsrge product
on the anode. If too much rocm is allowed this product is bulky and

voluminous and causes too much s2paraticn in the cell increasing cell
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resistance. In excessively restrained wuits this product becomes hard

and compressed, preventing easy access of elentralyte to the snode metal,

again increasing resistance. An example of this effect is shown in the

A_ sections of fresh Ba-4386 batteries using perchlarate mix.

i Capacity in hours to 10.0 volts/9.0 volts
Unit 1 Unit 2
Standard can construction T1.5/74.1 72.5/'18.3
Restrictive bars 56.9/65.5 56.8/6k4.5
Fibrous ped 57.9/60.0 33.3/33.4

The use of 1/4 inch thick sponge rubber provided such eash expansimm
that the gas evolution o~ dischearge separated the current collector fram
the cathode, causing an cpen circuit to appear shortly after placing the

battery oa discharge.

Cell Integrity

The dominant mode of failure iz both the 1-3/k X 3-1/4 inch and
1-1/8 X 1-1/8 inuch cell sizes was & degree of sharting of physical
destruction due to the presence of free elsctralyte cutside the cells.
With the exception of the FZ-2000.21 a film poor seal perfcrmance vas
inadequate tc account for the persistent appearance cf this elsctrolyte
80 microscopic examination oirthe 160%. stared units wss undertaken to
try to trace the sourca of this lsakige. The effect of this leakage
the 1-3/4 X 3-1/4 inch coll size batteries was much more severe than the

effect on the 1-1/8 X 1-1/" inch cell size batteries and perchlorste units




suffered more than bromide units.

An indication of the difference in severity of damage between the
bromide and perchlorate units, with the cwmstruction described in ECOM 02135-5
and shown in Figs. 1, 2, and 3 of this report, i.e. hot melt ring seals
and anode size moisture barriers, is shown in Table I (bromide 1-1/8 X 1-1/8
cell size) and Table V (perchlorate 1-1/8 X 1-1/8 cell size.) |

The first change to improve this performance was to reduce the size of
the moisture barrier to 19/32 inch diameter. The effectiveness of this change
is shown in Table II {bromide) and Table VI (perchlorate) as compared to

Tables I and V.
Microscopic examination of the unite in Tables I, II, V, and VI

(1 1/8 X 1-1/8 cell size) and Tebles IX, X, XIII, and XIV (1-3/b X. 3- 1/14
cell size) eventually produced a consensus &8 to the primary source of this
leakege. It appesrs that the plasticizer present in the cathode current
collector material migiates, at 160°F., into the hot melt ring seal between
the collector and cell wrap. This alterstion of the seal and the pressure
of the gas produced on storage would force the seal allowing some electro-
iyte to escepe during storage demaging the batteries. Further electrolyte
is forced cut of the now pcrous seal by the gas pressure generated during
discharge adding to the damage.

The second change in cell construction was the replacement of the hot
melt ring seal betwcen the cathode current collector and cell wrap with
3-M Company's No, 666 adhesive tape the same size as the cathode current
caollector. Holes vwere provided for cantact to the current collector.

The effect of this change on the 1-1/8 X 1-1/8 cell size units is shown

i e e &%3
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a3 Series 1 and 2 of Table III (bromide.)

This change totally stoppad the leakage occurring at the cathode
current collector seal but caused an incresse in failure rate ou discharge
due to disconnection of the current collector in one or more cells by the
presgure of the ges generated on discharge. The ring seals haed, apparently,
provided a form of gas leak. The compression was iucreased by e’ ther
cutting the battery can down in size or increasiny the cathode amix comient
approximately 4.5%. This effect is shown in Table III, serics 3-6, Tables
VII, VIII (1-1/8 X 1-1/8 cell size) and Tables XI and XV (1-3/4 X 3-1/b
cell size.)

Corrosion of the anode contact reappeared in the unites employing the
tape seal between the cathode current collector asnd cell wrap. Careful
examination of cells from these units indicated that the hot melt ring
seal between the snode and cell wrap vas now being farced by th increased
gas pressure, during storage at 160°F., due to seal improvement on the
collector, This effect was largely confined to the 1-3/4 X 3-1/k cell
gize. The 1-1/8 X 1-1/8 cell size apparently did not produce enough
gas an storage to cause this damage to any degree.

The third change in cell construction was to réplace the ring <<al
on the painted anode with a 1 X 1 inch plece of No. 666 tape. Thia tape
£3al between the cell wrap and anode and current collector totelly stopped
leakage at these points. Any lesksge found in these units resulted from
true heat seal failure of the cell wrap. Units made in this manner sre

lieted in Tebles IV and VIII (1-1/8 X 1-1/8 cell size) and Tables XII and
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XVI (1-3/4 X 3-1/b cell eige.)

Phase Angle and Impedance

Very late in the contract period a Hewlett-Packard Vector Impedance
Meter Model 4LBOOA was obtained to study the phese angle and impedance
characteristics of the Pe-4386 units, the purpose being to determine
the condition of the battery before and after storage by non-destructive
means. Although the data is limited, the results are favorable snd
indicate that the impedance-phase angle measuremsnts, and psrticulsrly
the phase angle, can be correlated, to s degree, with variocus conditions
within a battery.

As noted in earlier sections of this report, leakage of electrolyte
was the singuiar most serious source of failure and a non-destructive
mesns aof detecting this leskage end locating the scurce was one of the
prime objectives of this work.

The data, indeed, did point to a commcn charscteristic for batteries
with leakage that separated them from noruel units. This chasracteristic
is a marked downward devistion of the phase angle from tolerance iimits
establighed for normal units without leakage. The tolerance limits
vere determined by the pragmatic method of measuring & number of units.
All freash units showing this devietion destroyed themselves during storage
st 160%. The impedance measurements sesmed to have intuitive value
but were difficult to tie in specifically to any particular condition.
There sppeared to be sowe correlstion of the impedance to electrical

contact bstween cells snd dryness of the cathcode.
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The phase angle of units, after storsge one month at 160%F., shoved

el R R R

deviation from the fresh stats when leakage occurred during storage.
Units that show little or no deviation from the fresh norm could be
expected to perform properly. Units with deviation ran poorly compared
to non-deviant units.

The impedance increased generslly after storage more so at the
lower frequencies. Bromide electrolyte battery impeds: 98 were gemerally
higher than perchlorate electrolyte batieries. BSevere impedance increase
after storage with little phase angle deviation ususlly indicated corrosion
of the electrical contacts on the anode.

The Hewlett-Packard Model 4L8OOA Vector Impedance Meter is provided
with a direct measurement plug-in thst allowe an external circuit that
is to be measured to be spplied directly to t.he instrument and phase angle,
impedance, resistance and capacitance or inductance can be read directly
on metera incorporated in the instrument. The frequency is adjustadle
over 5 HZ to 500 Ki; in five bands. Frequencies beyommd 10 KHZ vere of
no value in this work. The pature of the instrument is such tuat the
DC voltage of the battery must be blocked so a 20,000 MFD capacitor
was interposed between the test bvatteries and instrument. The impedaice
of this capacitor is of no conseguence in the readings. There is a phase
angle shift resulting fram this capecitor, but it is essentially comstant
cver the range and does not seem to affect the interpretations of the
battery results. The instrument is such that the frequency can be
swept by an external oscillator over a given decade and the impedance

and thase angle, through an analog output that is provided, reed ocut
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cn an oscilloscope and the trace photographed. Due to the application
being a littls unusual for the equipment, scme difficulty vwas experienced |
in its oporation and adjustment and a modification of the meter was
required, This limited its use during the contract period to menual
sdjustment of the frequency and the pericd of time avai. ble for measure-
ments vas too short for extensive dats.
The meter supplies a tsst signsl to the unknown circuit less than
2.2 millivolts R48 in the range employed. The current of the injected
signal is held constant by the meter's circuitry and the impedance is
directly proportional to the voltage. The phase angle is determined
within the meter by circuitry that compares the signals from the voltage

and current channels.

The fresh brumide mix units of Series 5, Table XI and 3eries 2,
Table XII were measured for impedance and phase angle at various fre-
quencies. The phaee angle charc-teristic of the series is represent-
ed by the following average valuea with the tolerance deviation srread

including every unit messured exce® Unit #1 of Series 5, Table XI.
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Phase Angle Plus Minus
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The Ag soction tolersnce deviation spresd of (he frosh tramide
units is shown in Figure 5 as two solid lines. The cross points remre-
sont the fresh rhase ungle value of the first battery of Eeries 5,
Teble XI. This unit was the only unit of the two series with a seriocus
devistion outside tha tclerence limit. The unit destroyed itself within
cne week wiza stared st 160F. The deviation wae caused by leakage of
electrolyte. This unit did not show any varistion fram the norm in
either voltage nr current producing ability. The Al section values of
the same 1nits are plotted in Figure 6 with the cross poirt values of
the above noted unit #1 of Series 5, Tabls XI. The leakage source would
appesr to be in the A2 sectim.

The units of Series 5, Table XI were measured for impedance and phase
angle after storage for oue month at 160°F. Units 2, 4, 5, and 6 shoved

opsn circuit in the A_ section. These units were opened and some 1eakage

2
was found that had corroded the A2 positive lead. This lead was replaced
and the units recanned and discharged. Units 3, 7, 8, 9, and 10 Ap secticn
phase angle data is shown aa cross points o: Fig. 7. The two sorid lines
are the fresh deviatiun tolerance limits noted earlier. It will be not2d
that very little change occurrved in the phase angle. Fig. 8 shows the

same data for the A1 section of these units. Also 1ittle deviation will

be noted. The impedance data noted for the A_ section in Pig. 9 shows

2
a significant change had occurred. The two lines for fresh and efter 160°F.
storage encompese every unit of the series and are essentirlly maxima

and ninime pointe for the various frequencies. Examination of these units

shoved that the gas pressure, produced during sturage end trapped by the

cathode collector tepe sesl, had foarced the hot melt smear ses), allowing

e
- - e et et A AR, s Wi 1%
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electralyte to escape at the electrical contact poiny on the anods.
Considsrable coarrosion of this contect wes found and the free electrolyts

had csused tte A, positive lead {0 be destroyed or so clcose to being

2
destroysd that further action on discharge completed the destruction of
the lead.

The phase angle and impedance data for A2 soctins of units of
series 1 Table 12 that vere stored me manth et 145F. 1s shom in the
sams manner in Figs. 10 end 11. Due to equipment not being svailable at
the time fresh dats weas not obtained m these units. The fresh phase
angis data is assumed to be covered Ly the deviation limits described
earlier in this report. The fregch impedance data is sssumed to »e equivalent
to that of Series 2, Table XII. Accopunc‘o of this fresh data liwmit
indicates little deviatiom of paase angle and impedance occurred during
storage ard the units could be expected to discharygs with reasomable

capacity, vhich was the case.
The fresh psrchlorste units of Series %, Table 15 and Series 1 of

Table 15 vere also measured for {uapedance and jtase angle with the follow-

ing averuge values and talersnce limits.
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Saction
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The tolerancs deviation sprsed Aa and Al gsections are showm
as salid lines in Pigs. 13 snd 14. The cross point values ere of &
unit from Series 1, Table XV. This series feiled due tc leskage of
electrolyte resulting fram faulty F22000.21 heat seals. The valtages
vere normal and nothing apypeared amiss at the time. The deviatian in
phase angls is severe in both the A, and A; sectins. The impedance
values of the fresh units 4id not show this deviatian.

The psrchlorate units of Series 1, Tsble 16 snd Series 8, Table 15
vere msasursd for impedance and phase sngle after storage for one
month at 160%. The results of the phase angle msasurements of the A,
sections are ghown as cross points in ylots on Figures 15 and 16 respect-
ively. The deviatice from the fresh values is not great, indicsting
little or no ieakage. This was substantisted on erxamination sfter
discharge. The impedance limits of the Aa ssctiong of these units both
fresh and after storsge is shown in Figures 17 and 18. It will be seen
from these plots an incresse in impedance had occurred during storage.
The unite of Series 8, Tsble 15 (Fig. 18) expsrienced failurs of the
hot melt smear seal between the anode and cell wrap and o degree of
corroaicon wese resent on the contects. Nothing c~ld be found to
sccount for the impadance shift of Serles 1, Table 16 unita. The most
probeble cause is e lack of electirolyte in the mix to carry the unit.
The per centage of slectrolytc had been reduced e¢arlier in the project
tc esse physical problems in constructicn. The capmcities of the units

vere fairly cansistent and could Ls accounted for by electrolyte shortage.

N

Mhw o ¥ A e




CSRING, E RATT H MANMEIIAID -

1.
.
30
k.
5.

CONCLUBIONS

The princimel condition causing constructionel difficuities vas the 1
evalutiocn of sas during storegs and on dlachargs.

Yagnesium vefer batteries should not be restricted by extrsordinary

msans %0 xeop Sischarged unit vithin swacificatiams. Room should be
alloved for this expension in the desiga.

The nom~-reactive sids of the megnasiux needs protection sgeinst corrosion
in order to mintain a clean, ccndnc‘l;in iocatim for elsctrical

cntact.

A battery with 1-1/8 X 1-1/8 inch cell sise can be made vith ressn-

ably consistent capabilities.

The phase angle and impedance of a battsry at varicus frequencies
probebly is a useful way of characteriting the condition of & battery

in 2 nra-destructive manner.
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Appendix Contente
Table Code A-1

Table I -- 1-1/8 ¥ 1-1/8 inch Cell Size; Hot Melt Ring Beels:
Anode Size Moisture Seals: .
Megnesium Bromide Mix A-2

Table IT -- 1-1/8 X 1-1/8 inch Cell Size; Hot Melt Ring Sesls:
19/32 inch Moisture Seals:
Magnesium Bromide Mix A-3

Tabls III -- 1-1/8 X 1-1/8 inch Cell 8ize: Tape Cathode
Collector seal:
19/32 inch Moisture Seals:
Magnesium Bromide Mix A-b

Table IV -- 1-1/8 X 1-1/8 inch Cell Size: Tape Seal Cathode
Collector and Anode: 19/32 inch Moisture Seals
Magnesium Bromide Mix A-5

Table V -~ 1-1/8 X 1-1/8 inch Cell Size: Hot Melt Ring Seals:
Anode Size Moisture Seals: Magnesium Perchlorate ¢
Mix A-

Table VI -- 1-1/8 X 1-1/8 inch Cell S8ize: Hot Melt Ring Seals:
19/32 inch Moisture Seals: Magnesium Perchlorate
Mix A-8

Table VII -- 1-1/8 X 1-1/8 inch Cell Size: Tape Cathode Collector
Seal: 19/32 inch Moisture Seals: Magnesium
Perchlorate Mix A-9

Table VIII -- 1-1/8 X 1-1/8 Cell Size: Tapa Seal Cathods
Collector and Au.de: 19/32 inch Moisture
Seals: Magnesium Perchlorate Mix A-10

Table IX -- 1-3/k X 3-1/4 inch Cell Size: Hot Melt Rirg
Svals: Anode Size Moisture Seals: Magnesium
bromide mix A-11

Teble X -- 1-3/b X 3-1/k inch Cell Size: Hot Melt Ring
Seala: 19/32 inch Moisture Sesls: Magnesium
Bromide Mix A-11

Table XI -- 1-3/k X 3-1/4% tnch Cell Bixe: Tspe Cathode
Collector Seal: 19/32 inch Moisture Seals:
Magnesium Bromide Mix A-12
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Table XII -- 1-3/4 X 3-1/4 inch Cell Size: 'fape Cuthode Collector

.

and Anode Seal: 19/32 inch Mot ture Sesls:
Msgnesium Bromide Mix

Table XIIT -- 1-3/k X 3-1/4 inch Cell Bize: Hot Melt Ring

Table XIV --

Table XV --

Table XVI --

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5§ --

Figure 6 --

Figure 7 --

Pigure § --

Figura 9 --

rMgure 10 --

Seals: Anode Size Moisture Seals: Magnesium
Perchlorate Mix

1-3/4 X 3-1/h inch Cell Size: Hot Melt Ring
Seals: 19/32 inch Moisture Seals: Magnesium
Parchlorate Mix

1-3/4 X 3-1/b inch Cell Size: Tape Cathode
Collector Seal: 19/32 inch Moisture Seals:
Magnesium Parchlicrate Mix

1-3/4 X 3-1,'4 inch Cell Size: Tape Cathode
Callector and Auode Seals: 19/32 inch Moisture
Seal: Magnesium Perchlorate Mix

Magnesium "F" Wafer Cell

Magnesium "V" Wafer Cell

Megaesium "V" Wafer Cell Modificatiom
Rolled Can Seam

Phase Angle of A, Section of Ba-14386
Bromide Electrolyte

Phase Angle of A, Section of Ba-4386
Bromide Electrolyte

Thase Angle of A_ Section of Units 3,
7, 8, 9, 10 of Series 5, Table XI
1 Mo. @ 160°F.

Phese Angle of A, Section of Units 3, 7, 8,
9, 10 of Segiee , Table XI
1 Mo. @ 160

Impedance of A, Bections of Units 3, 7, 8,
9, 10 of Beries 5, Table XI
1 Mo. @ 160°F.

Phase Angle of A_ Section of
geries 1 -- Tabl XII
1 Mo. 8 1k5°p.

R N SRR Y MR TR

A-13

A-14

A-16

A-1T7

A-19

A-20
A-21

A-22

A-23

A-2h

A-25

A-27

A-9




Vigure 11 -- Impedance of A, Bection
Prosh -- Serief 2, Table XII
1 Mo. @ 145°7., Series 1, Tedble XII

Figure 12 -- Phase Angle of Section of Units
2,3, 4,5 g Sefies 1, Teble XII
1 Mo. @ 1k5°F.

Yigure 13 -- Phase Angle of Aa Bection of
Ba-4386
Perchlorate Electrolyte

Figure 14 -- Phase Argle of Al Section of Ba-4336

FPigure 15 -- Fhase Angle of A, Bectiom of
Series 1, Table FVI
1 Mo. @ 160°P.

Pigure 16 -- Phase Angle of A, Sectiom of
Series 8, Teble &V
1 Mo. @ 160°F.

Figure 17 -- Impedance of A, Bection of
geries 1, Tabl§ XVI
1 Mo. @ 160°r.

Figure 18 -- Impedance of A, Sectian of
Series 8, Tabl¥ IV
1 Mo. @ 160°.

A-31

A-32
A-33

A-37
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The cods employed in Tables 1 - 16 to denote various constructional

features is as follows:

R A R A

Code Letter Bignificance
Cell Wrap -- rubber hydrochloride

Cell Wrap -- polyethylene laminated paper
Cell Wrap -- Dow F22000.21 film

Anode Coating -- Fuller's HM-113 R smeer
Anode Costing -- National Starch 34-3104 smesr

Anode Coating -- Spray peint without primer

Q ¥ oooxm QO - >

Anode coating -- Sprey paint with primer

e
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A-2
Pabdble 1

1-1/8 X 1-1/8 inch Cell Size: Hot Melt Ring Sesls: Anode Eixe Moisture Seals
Megnesium Broxide Mix
Starege Condition: One month at 160%.
Discharge: 2k cells an 2 min-18 min. Cyeclic Load

¢
.

1168 chm/3M4 cha
Series Cell Wrap Cell Wrap Cathode Anode Capacity
Cathode Anode Veight Protective in Hours
grexa/cell  Coating to 29.1 volts
A A 9 8 37.1
A A 9 8 2.8
b A A 9 L] 29.3
A A 9 8 29.1
A A 9 8 29.1
B c 9 8 0
B c 9 8 0
2 B c 9 8 0
B c 9 8 0
) .} c 9 8 0
A A g 8 52.3
A A 9 8 52.1
3 A A 9 8 k8.6
A A 9 ] 52.3
A A 9 £ 53.3
A A 9 T 50.2
A A 9 ? 52.6
b A A 9 ? 9.7
A A 9 r 53.3
A A 9 by 50.8
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Table II

1-1/8 X 1-1/8 inch Cell Bize: Hot Melt Ring Beals: 19/32 inch Moisture Seals
Magnesium Bromide Mix
gtarage Conditicn: One wanth st 160°F.
Discharge: 24 cell's m 2 min.-18 min. cyclic lced 1168 chm/3214 chm

Bories Cell Cathode Anode Capscity
Wrep Weight Protective in Hours
grams/cell Coating to0 29.1 volts
A 9 T 5.1
A 9 T 8.7
1 A 9 T 51.3
A 9 T 51.0
A 9 T 5.3
A 9 T L
A 9 T 51.5
2 A 9 T 0.2
A 9 b s1.5
A 9 T k5.0

"




A-k
Table IXI
1-1/8 X 1-1/8 inch Cell Size: Tape cathode collector seal: 13/32 inch Moisture Beals

Magnesium Braxide Mix
Storege conditim: ome month at 160°F.

Series Cell Cathode Ancde No. Cells, Capscity
Wrap Weight Protective Lomd,
grems/cell  Coating End Point

A 9 by X .4
A 9 by 1.5

1l A 9  y X 3.4
A 9  § X 1.0
A 9 7 X 1.3
A 9 b 4 X 36.7
A 9 T X 0

2 A 9 ” 4 h1.2
A 9  d ) ¢ L6.7
A 9 T X 6.2
A 9 T xx 49.9
A 9 b xx 52.0

3 A 9 T x 52.3
A 9 7 xx 52.7
A g T b o 0
A 10 ? x 4W7.7
A 10 T xx 49.3

k A 10 by XX Y
A 10 T xx 49.3
A 9.5 T xx k1.6
A 9.5 T X 53.9

5 A 9.5 T XX 28.3
A 9.5 T XX 28.3
A 9.5 by xx 5.2
F 9.5 T ) ¢ ¢ 32.3
A 9.5 T XX 32.3

5 A 9.5 T XX 53.6
A 9.5 T x 55.3
A 9.5 T xx %9.3

X -- 2% cells, 2 min.-18 min. cycliz load 1168 chm/3214 chm, end podnt 29.1 valts.
XX -- 28 cells, 2 min.-18 min, cyclic load 1363 chm/3750 chm, end point 34.0 valts.

L.
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A-5
Table IV

1-1/8 X 1-1/8 inch Cell Sigze: Tape seal cathods collector and anode;
19/32 ‘nch Moisture Secls
Magne. .um Bromide Mix
Storege Condition: One mamth at 1€%°.
Discharge: 28 cells ¢n 2 min.-18 min. Cyclic Load 1363 cha/3750 ctm

Series Cell %athcde Anodse Capacity
Wrap Weight Protuctive in Hours
grams/call Coating to 34.0 valts
A 9.5 U 0.7
A €5 Y 52.0
1 A 9.5 u k.6
A 9.5 U 52.2
A 9.5 U 51.4
A 2.5 U ho.k
A 9.5 u 0
A 9.5 U Y
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Y Teble V
1-1/8 X 1-1/6 inch Cell Sizes Hot Melt Ring Beals: Anode Bize Moisture Besls
¥azpacium Perchlaratoe Mix
Btarage Cndition: Onc Month at 160°9.
Lischarge: 24 Cells cu 2 win.-18 min. Cyclic Losd 1168 chm/3214 ohm
Seriex Call Cail ¥rep Cathods Anode Capacity
Wrep Anode Weight Protective in Houre
Cathacde Guvems/cell  Coating to 29.1 Volts
A A 9 R h2.4
A A 9 R 3.0
» 3 A A 9 R 7.9
| A A 9 ] 32.0
A A 9 R 38.3
N A A 9 8 0
3 A A 9 B 0
2 A A 9 8 0
] A A 9 8 o]
A A 9 8 32.3
B C 9 8 TIresh 36.6
i B ¢ 3 8 0
3 B ¢ 9 8 0
4 B S 9 8 0
B c 9 8 0
B c 9 R 0
k- B ¢ 9 R 0
1 b 3 C 9 R 0
B ¢ 3 R 0
3 B c 9 R 0
43 B ¢ 9 7 0
4 B ¢ 9 T 0
5 B ¢ a T 0
) e 2 T 0
B ¢ 9 T 0
C & 9 T 0.
C < 9 T 1.3
6 < S G T Q
< ¢ 9 T 1.5
c c ) T 53.C
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able V (Cont.)
1-1/8 X 1-1/8 inch Cell Sise: Hot Melt Ring Seals: Anode Bise Moisture Beals
Magresiun Perchlorate Mix 3
Btorage Conditicn: Oue Month st 160°F,
Discharge: 24 cells an 2 min.-18 min. Cyclic Losd 1168 chm/321k chm &
Bories Cell Cell Vrep C. .0t Anode Caiacity
Wrep Anods Wolght Protective in Hours
Cathode Grans/cell  Coating 10 29.1 valts
c c 9 8 ()
c ¢ 9 8 0
T c c 9 8 )
¢ c ¢ 8 0
c c 9 8 0
c c 9 T 4o.8
c c 9 T 56.8
8 ¢ ¢ 9 T k.0
c c 9 T 0
¢ c 9 T 0
] .
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1-1/8 X 1-1/8 inch Call Size:s Xt Melt Ring Seels: 19,32 inch Moisture Beels

ﬁiehérgoz
Saxies

Storege Coméitions

A-8
Tebls VI

Negnesiva Perchlorate Mix

One Nanth at 160°F.

24 cells an 2 Min.-18 Min. cyelic lead 1168 chm/321% chm

Cell
Wrap

aqQaaaaaQ QQAGOO

Cathods
Veight
grams/cal).

WVOWVOVY WOWLO

Anclds
2ratective
Conting

t3v3rdy3ye KR

Capacity
in Hours to
29.1 volts

h5.3
k1.6
hl.g
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Tuble VII
1-1/8 X 1-1/8 inch Cell Size: Tepe Cathode Collector Seal:
19/32 inch Moisture Seals
Magnesium Perchlorate Mix °
Storage Condition: One Month st 160 F.

Beries - Cell Cathode Anode No. Cells, Capacity
Wrap Weight Protective Load, Bnd- in Hours
grans/cell  Coating point
c 9 T X 43,1
c 9 T X h3.3
1 c 9 * X 0
c 9 T X 43.3
c 9 T X k3.5
c 9 T X 0
¢ 9 T X T.3
geo Y 9 T X 0
c 9 T X 0
c 9 T X 0
c 9 T X 41.3
c 9 T Xx 3.3
3 ¢ 9 T XX ho.b
c 9 T ) ¢ 4 35.8
c 9 T xx 0.3
c 9 T xx 34.0
c 9 T xx 0
b c 9 T xx 0
c 9 T x 0
c 9 T XX 0
c 9.5 T x ak.h
c 9.5 T X 0
5 ¢ 9.5 T ™ 28.9
¢ 9.5 by b o4 13.3
c 9.5 T xx 32.9

X -~ 24 celis, 2 min-18 min. cyclic lcad 1166 ohm/32id chm, 3nd point 29.1 volts.
IX -- 28 cells, 2 min.-18 min. cyclic loed 1363 chm/3750 chm, End point 34.0 volts.

# 1 Man. @ 145°,
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Table VIII

1-1/8 X 1-1/3 inch Cell Siset Tape Seal Cathode Collector and Anode:
19/32 inch Moisture Seals
Magnesium Perchlorste Mix
Storsge Condition: One Month at 160°Y.
D!.lchlrso: 26 cells, 2 min.-18 min. Cyclic Load 1363 chm/3750 ohm

Beries Cell Cathode Anode Capacity
Vrap Weight Protective in Hours
grams/cell Coating to 34.0 valts
c 9.5 U 0
c 9.5 ! 0
1l c 9.5 1} 0
c 9.5 U 0
c 9.5 U 0
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Table IX

1-3/4 X 3-1/4 inch Cell Bize: Hot Melt Ring Beals: Anode Size Moisture Sesls

Beries

RS

Cell
VWrap

> n > B> PEPI>E»

> > >

Magnasium Brounide Mix

Capacity
Ap l0V/9v
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N
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0/o
o/c

65 grams/cell
Anode Storage
Protective Condition
Coating
R
R
R 1 Mo. @ 160°r.
R
R
by 1 Mo. @ 130°P.
T
T
T 3 Mo. @ 130°F.
T
R
R O,
R 1l Mo. @160 F.
R
R
A-11
Table X
19/32 ..nch Moisture Seals
See Table IX
8 1 Mo. @ 145°r.
8
8

o/o

Capacity
A 212V,
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Table XII
1-3/4 X 3-1/4 8igze Cells: Tape Cathods Collector and Anode Beal:

19/32 inch ¥oisture Seals
Magnegium Bromide Mix

65 grams/cell :
Beries Cell Anode 8t (] Capacity Capacity '
Wrap Protective Camditions A, 10v/v A 22
Coating
A 7 70.7/86.3 8h.C
A T 57.3/70.7 25.9
1 A T 1 Mo. 8 145°F. 58.5/80.3 51.7
A T %.>/80.3 8.9
A by 63.4/680.3 5T7.1
A U 1.3/21.9 26.3
A i} o 20.7/55.4 6.1
2 A U 1Mo, @ 160°F. 31.6/53.6 31.7
A U 10.8/34.9 0
A 1] 8.7/29.7 0
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Tbie XIII }
i 1-3/% X 3-1/k inch Cell ize: Hot Nelt lurg sealc: Azole 31zd Molsturs feals :
Megnesium Pirchloiete Mix
] 65 grams/cell
Series  Osli Gell  Anode Storuge Capacity  Capacity
Wrep ¥rep Protactive Sonditions A, V9V A 212V,
4 " Cathode  inode  Costing !
L 3 c R o/0 0 :
B < R 0/o 0
1 3 c R 1 Mo. @ 160°. 0/0 0
B Y R 0/o 0
» c R afo 0
A A 8 0/0 o
A A 8 o/o 0
2 A A 8 1 Mo. @ 10°r. o/o 0
A A 8 o/o 0
A A 8 ofo ¢
3 A A R 1 Mo. @ 130°F. ofu 2
A A R o/o )
b A A R 3 Mo. @ 130°7. o/o 0
B ¢ 4 9/0 )
B c T o/o 0
5 B c 7 1 Mo. @ 160°r. o/o 0
B c T ofo )
B ¢ T o/o 0
B c T 26.0/26.7 5.7
B c b4 33.4/37.0 32.0
6 3 c T 1 Mo. & 160°r. o/o 0
B c by o/o 0
B ¢ by o/o 0
c o T 1.5 21.5
¢ c T o 11.h 19.0
7 s ¢ b+ 1 Mo. £ 2602, 19 5 22.3
c ¢ 7 0 0
C C T 8.1 22.3
¢ c ? 38.0/49.0 k5.2
c C T o 5.8/7.k 51.3
8 c c T 1Mo, @ 160°F. 28.0/82.7 1.0
c c T 35.6/89.2 W% .8
C c T 19.3/36.7 36.9
MM———.—-——-_
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Table XIXI (Comt.)

1-3/k X 3-1/% inch Cell Bise: Hot Melt Ring Beals: Anode Bise Moisture Seals
Magnesium Perchlorate Mix

€5 grams/cell
gertes  Cell Coll  Ancds Storage Capsetty  Capaoity ;
Wrap Wrap  Protective Condition A, 10V/%% A, 212V i
Cathods Anods Coating
9 ¢ c T 1 Mo. & 160°F. T1.2/2%.0 0 :
c c T 31.3/50.6 52.0
c c T o/o 24.3
c ¢ T 0.2/0.5 0
10 c c T 1 Mo. @ 160°F. 21.7/36.0 50.3
c c T 17.2/28.2 11.8
c ¢ T o/o 0

Sy
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Table XIV

1-3/% X 3-1/% ineh Ol Sise: Mot Malt King Seals: 19/32 inch Moisture Seals
Megnesius Perchlorate Mix

65 grams/cell
Series Cell Anode Storege Camoity Capacity
Vrep Protective Conditions A, 10V/N M 10V/9v
Coating

c ? 2h.8/33.3 50.3

c T 2k.0/2.4 33.k
1 c * 1 Mo. @ 160°r. 0/o0 0

¢ 4 o/o 0

. T o/o 0

c 8 26.5/34.9 20.1

¢ 8 22.8/k0.3 bh.0
2 c 8 1 Mo. @ 160°r. 28.3/28.3 Wh.,0

c 8 0/0 0

c 8 o/o 0

c 8 12.4/16.0 0.6
3 c 8 1 Mo. @ 150°r. 11.5/20.3 0

c 8 8.0/8.0 8.0
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Table XV

1-3/4 X 3-1/b inch Size Cells: Tape Cathode Collector Seal
19/32 inch Moisture Seals
Magnesium Perchl. -ate Mix
65 gram,/cell

e e e R SN

F

Series Cell Anode Storage Capacity - Camacity
Wrap  Protective Conditions Ay lOV/v 4 202V
Coating ) -
c ™ 0/o 0
c T 0/0 0
1 c T 1 Mo. @ 160°F. 0/0 0
c T 0/0 0
c T 0/o 0
C T 19.0/30.0 35.9
c T 20.6/30.3 4s5.7
p) c T 1 Mo. @ 160°F. 0/0 ¢
c T 0/o 0
c T 0/0 0
c T 5.0/21.0 0
C T 11.8/28.9 0
3 c 7 1 Mo. @ 145°F. 1.2/20.9 0.3
c T 13.0/31.3 26.2
C T 0/o 0
C 7 o/o 9
C 7 o 0%u 0
L c T 1 Mo. @ 1l0r. 0/0 o)
c T 0/0 0
C T 0/5 0
C 7 5.5/9.2 6.7
c T 27.4/38.5 4k .2
5 o i 1 Mo. @ 160°F. 26.9/35.0 ;'\ 45.1
¢ T 0/0 g 0
C T 0/0 0
c T 48.,0/70.6 71.3
c T 0/0 0
6 c T 1 M. @ 145°F. o/o 0
c T 0/0 )
c T Q/0 0 i

H
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Tatle XV (Cont,)

1-3/8 X 3-1/4 inch Sige Cells: Tape Cathode Jollectsr Seal
19/32 inch Koisture Seals
Magnesium Perchlorate Mix

65 grams/cell
Seriey Ceil Anode Storage Capacity Capecity
Wrep Protective Conditisns Ay  10v /v A 2.2V
Coating

¢ P 66.7/71.0 80.0
c T - T4.1/80.0 8k.3
7 C T 42 are. @ 160°F.  T4.2/80.0 96 0
c P 74.1/80.0 8k.5

¢ T 0/0 0

e 8 0/0 0
¢ 8 s 11.2/26.1 14.5
3 ¢ 8 1 Mo, @ 160 2. 26.3/%9.7 49.7
¢ g 5.5/33.3 15.8
¢ 8 25.3/27.8 17.5
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Tabls XVI §

1-3/4 X 3-1/4 4nca Size Cells: Tepe Cathode Collector and Anvde Seals: :
15/32 inch Moisture Seal

Magnesium Perchlorate Mix &

65 grams/cell ;

Berivs 21l Anode Starage Capscity Capacity
Wrap Protactive Conditions A, 1OV/V A 2.2V
Coating
c U 29.3/k1.2 43.0
c U _ 29.0/31.9 48.0
1 c r 1 Mo, @ 150°F. 28.6/40.4 k7.9
C U 27.7/32.8 7.3
c U 28.5/37.2 41.8
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1. Metellie MNcisture Barrier

N
L ]

Inter-ce¢ll Commector
Cell Wiap

Adhesive Ring
Carbon Cloth
Cathoda Mix
Ssparator
Nonpermeabls Dot

Anode (Magresium)

8 v @ 3 o v orow

Adhesive Ring

|

| Figure 1 ‘
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Nagnesium "V" Wafsr Cell
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1.
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Conductive Intercell

Cell Wrap

Adhesive ring (seal)
Conductive Carben Collector
Cathode Nix

Seprator

Konpsrmeable Mot

Anods (Megnesium)

Ketailic Moisture Barrier
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